Selection of an appropriate value for Manning's roughness coefficient could significantly impact the accuracy of a hydraulic model. However, it is highly variable and depends on flow circumstances, such as water stage and flow quantity; a stream's geomorphology, such as the fluvial process and river meandering; and physical conditions, such as the channel surface roughness and irregularities.
INTRODUCTION
Manning's roughness coefficient, mostly denoted as 'n', is a common factor used by hydraulic engineers to describe a river's surface roughness and sinuosity in hydraulic modeling. Three approaches include (1) measurements, (2) parameter values estimation, and (3) parameter values fitting mentioned by Vidal et al. () . The parameter is usually empirically and often uncertain. To determine an empirical parameter is tedious and time-consuming. A confident selection of the Manning's roughness coefficient will help engineers and modelers to better estimate the stream condition and to minimize overall discrepancies between simulations and observations; however, it will require considerable experience and investigation of the site. To help select an appropriate roughness coefficients, many people, such as Chow () and Barnes () , have proposed referencing a Manning's roughness coefficient with detailed descriptions and color photographs; but, another problem then occurs -one cannot directly apply the referenced value by just looking at descriptions and photographs due to the lack of complete similarity in channel conditions and geometry. Even for the same stream, the Manning's roughness coefficients would change. For example, resistance decreases with an increasing water level as the effective relative roughness diminishes; it then increases again as the flow reaches a floodplain or spills over the bank (Chow ). Topography or geomorphology, which is known to change over time, would alter the Manning's roughness coefficient in the hydraulic models as well. To traditional approach 'trial-and-error' was not applied as it was considered to be too time-consuming, and the second one, the optimization search technique, was implemented in the study. A system was developed to integrate the onedimensional (1D) river hydraulic modeling tool, HEC-RAS, and a search heuristic, micro-genetic algorithm (μGA), to efficiently define the Manning's roughness coefficient even with limited information. The accuracy of hydraulic modeling would therefore be improved. For flood operators, it will help decision making in real-time operations and prevent possible disasters or floods. When available information is limited, the study provides a tool which helps hydraulic modelers to identify parameters in the hydraulic simulations and run the simulations smoothly and correctly. In the study, the parameter to be identified is 

) and water quality simulation (Fan et al. ) . This study applies HEC-RAS as a component of river hydraulic modeling due to its popular and extensible advantages.
The genetic algorithm (GA) is an artificial intelligent technique commonly used to optimize search problems. Solomatine () compared GA with other global optimization algorithms in the hydrologic and hydrodynamic applications.
The study showed that GA is normally quite close to the global minimum for the applications of three variables. For two variables, GA is also the least efficient among applied algorithms. However, Hongesombut et al. () mentioned that there is a possibility for GA to converge to a suboptimal solution. In addition, the search process for GAs is usually time consuming. Thus, other search algorithms have been developed as an efficient and globally optimal answer. The term μGA refers to a small-population GA with re-initialization. The idea was suggested by theoretical results obtained by Goldberg () . Starting from a randomly generated population, μGA applies the small population to the genetic operators until reaching nominal convergence, which means all the individuals in the population have either identical or very similar genotypes.
A new population would be generated by transferring the best individuals out of the converged population to the next generation (elitist strategy). The remaining individuals in the new generation would be randomly generated (reinitialization). Krishnakumar () first implemented the μGA using a population size of five, a crossover rate of one, and a mutation rate of zero. Krishnakumar () and Senecal () both reported faster and better results with their μGAs on their applications. μGA has the advantage of generating a small population base for each generation.
Conventional GAs usually deal with population sizes ranging from 100 to 10,000, while μGA typically works with a population with between five and 50. It also reaches nearoptimal regions quicker than the conventional GAs. In his application, Chakravarty et al. () showed that using the μGA can decrease the computational run time by 50%, even for the 'worst-case' problems for the conventional GAs. In the study, the μGA is applied and Krishnakumar's 
METHOD HEC-RAS
A 1D river hydraulic modeling tool, HEC-RAS, was applied to simulate the Yilan River's flow and stage. In the model, the Saint-Venant equations listed below were solved (USACE ):
where A ¼ cross-sectional area perpendicular to the flow 2. HEC-RAS is run with the generated Manning's roughness coefficients and the fitness value is obtained. The fitness value minimum is the objective function. The fitness value is calculated as follows:
where h i,t and h 
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The mean absolute error (MAE)
The MAE was suggested by Willmott & Matsuura () to replace the root mean square error since it is a more natural definition of an average error and is unambiguous. It is because the difference between measured and modeled stage is instinctively defined by the subtraction and the average would describe the overall performance. The MAE is defined as follows:
where O i ¼ the measured stage (m); P i ¼ the modeled stage (m); i ¼ time (hour); T ¼ the entire evaluation time period (hour).
Coefficient of efficiency (CE)
The CE has been widely used to evaluate the performance of hydrologic models (Legates & McCabe ) . It ranges from minus infinity to 1.0, and higher values indicate better agreement. The equation to obtain the CE is shown below: 
Percent error in peak stage (PE)
The peak stage usually indicates the decision-making moment for the operators. The peak value itself is also an important value for the evaluation of possible disaster threats, such as overtop flooding. The accuracy of a simulated peak stage is thus an important factor, and the PE is calculated as below:
where O peak and P peak ¼ the measured and simulated peak stage (m), respectively.
Coefficient of determination (R 2 )
R 2 , known as the product moment correlation coefficient, is also called the 'Pearson product moment correlation coefficient' (Pearson ), which describes the squared ratio of the combined dispersion of two series to the total dispersion of the observed and modeled series. It is a common measure used in statistics to compare the similarity of two sets of data. The equation to obtain R 2 is described below: (Table 3) . It is explained that the water in the banks was too low and flow velocity was very slow. As a consequence, the Manning's roughness Regarding the application of μGA or other techniques in parameter optimization in hydraulic models, the users must pay attention to the significance of parameters in the objective function. The further explanation of optimized parameters in terms of the meaning in the process may need to be addressed in the future studies.
